By using the teeth for immobilisation and employing incident light microscopy at magnifications up to 240 X, entire capillary beds could be observed in the labial gingiva in small laboratory animals. In the mandibular incisor region, simple capillary loops, as found in the human gingiva and nail bed, were absent in all species examined except in some guinea pigs. In the hamster, where the topography of the gingival capillary bed was studied in greatest detail, blood flow was regulated by changes in caliber of arterioles; by opening and closing of exits from main capillary channels into networks apparently devoid of vasomotor activity; and by opening and closing of arteriovenous anastomoses. Under certain conditions, settling of blood cells and blood cell clumps to the lower side of gingival veins, together with gravitationally layered flow, was observed. P REVIOUS STUDIES have shown that certain parts of the microcireulation can be observed at the gingival margins in man 1 " 8 and in the ferret. 4 ' ° Since the gingival capillary bed is accessible with only the minimum of manipulation, and since the adjacent tooth, a well denned topographical mark, is included in the field of view, repeated observations of the same site can be carried out over long periods. In two species, the golden or Syrian hamster (Mesocricetus auratus), and the Chinese hamster (Cricetulus griseus), the usual site for observations on the microcirculation lias been the cheek pouch. 0 " 10 However, our preliminary observations revealed that, in contrast to human subjects, a complete capillary bed was visible in the gingiva of both hamster species. We decided, therefore, to develop a method for gingival capillaroscopy in hamsters and other small laboratory animals to provide an additional site for comparative observations on the microcirculation. With certain reservations, which will be noted in the text, the descriptions of method and topography given for the hamster apply also to the mouse, rat, guinea pig and rabbit.
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METHOD

Apparatus
This consists of three parts: (1) a supporting device to carry the microscope and illuminator, (2) a special animal table for attachment to the supporting device, and (3) a constant-temperature drip feed for irrigating the gingiva with liquid paraffin.
Supporting Device, Microscope and Illuminator. Since we had available* the apparatus for incident light microscopy of the gingival capillaries in man and the ferret, originally described by King 2 and subsequently modified by Staple, 3 we decided to adapt part of this apparatus for observations on small animals.
The lower end of the metal column carrying the optical equipment was l'ested on a circular metal plate (diameter 12 cm.) placed centrally on top of 15 em. thickness of sandt in a cylindrical container (height 60 cm., diameter 30 cm.) standing on the floor. Loose dry sand was then poured around the column until the container was filled. Besides helping to maintain the column in the vertical position, the sand served to reduce markedly the amount of vibration transmitted from the floor to the column and thence to the optical system. An adjustable collar, attached to the column a short distance from its top end and secured to a rod fastened to the wall of the laboratory, prevented movement of the column within the sand. We retained the optical system of the original apparatus, as modified by Staple A' = Rigid metal rods secured by wing nuts beneath the table. B = Backrest. C, C = Device for immobilising the jaw, consisting of dissecting forceps (C) gripping the teeth inserted in a special locking clamp (C). D -Glass lip retractor attached to A' by a double ball joint unit. E = Drip feed, consisting of a hypodermic needle mounted on a miniature double ball joint unit, which is attached to clamp C. The tubing attached to the needle conveys liquid paraffin from a constant temperature reservoir (not shown). V = Animal table baseplate spindle fitting into top of column carrying optical components. G =z Column carrying optical components (not shown). 77 = Key for turning set screw locking spindle (F) in position. details), who (a) replaced the microscope ocular by a binocular eyepiece unit inserted into the monocular tube, (b) modified the light filters, as described below, (e) used a Leitz "Macca" eyepiece camera for photographic recording, and (d) used the teeth to immobilise the subject better, thus permitting gingival capillaroscopy at higher magnifications.
The binocular eyepiece unit, which gave a magnification of 15 X, was used respectively with objectives 2.7X, 6X, and 10X. The magnification of the eyepiece unit could sometimes be increased to 24 X, thus enabling a maximum mag-nification of 240 X to be obtained. The filter train interposed between the light source and the tissues consisted of four pieces of Chance ON 20 glass, total thickness 13 mm., and a "Wratten 2B filter. This combination absorbed practically all the heat emitted by the light source and the small amount of ultraviolet radiation transmitted by the glass aperture of the lamp housing. For visual observations a green filter was used in addition.
The particular apparatus described above is not a necessary prerequisite for gingival capillaroscopy, and may be replaced by any other devices which possess the following basic requirements: a rigid stand on which the microscope and a high intensity light source for incident illumination may be so mounted that they can be moved rapidly and independently of each other, both vertically and horizontally, in relation to the animal. Previously one of us has used for illumination both a zirconium lamp (A. L. Copley, unpublished data, 1945-47) and the quartz rod apparatus, developed at the Institut d'Optique, Paris, for stereomicroscopic studies (A. L. Copley and R. Lefebvre des -Voettes, unpublished observations, 1956-57) in studies on hemostasis in the gingival capillary bed in human subjects and rabbits. In any apparatus for capillaroscopy the position and design of the controls should enable gross movements of the optical components to be made with the minimum of manipulation, and fine adjustments without the observer's leaving the microscope. Rapid movements of the optical components may be necessary to follow dynamic events in the microcii'culation; moreover, with incident light, movement of the illuminator independently of the microscope is often required to secure optimum visibility of particular objects in the field of view.
Animal Table. In the original apparatus of King, 2 a carrier designed for ferrets was mounted on a base plate provided with a spindle accommodated in a hole drilled in the top end of the central column ( fig. 1 , F and G). Besides rotation, this arrangement permitted limited vertical movements of the base plate (and carrier). A set screw engaging the spindle served as a locking device ( fig. 1, H) . To this base plate, in place of the carrier, we attached a rectangular metal animal table (20 by 12.5 em.). As can be seen from figure ], this table provided attachment for metal rods (A, A'), to either of which could be secured the following: an adjustable backrest (B), a device (C, C) for immobilising the mandible, a lip retractor (D). and the drip feed for irrigating the tissues (E).
The device for immobilising the mandible consists of a pair of dissecting forceps (C) inserted into a special clamp (C) that allows the forceps to be adjusted on the incisor teeth (see also figure  2 ) and then secured in the desired position. The points of the forceps are sheathed with polythene tubing:. By means of rods and clamps the device (C, C) is ultimately supported by the vertical rod (A').
The glass retractor (D) is attached to the rod (A') through a double ball joint unit to allow movement in all directions.
The mounting: carrying the hypodermic needle for the drip feed (see also figure 2) was also attached to clamp (C) by means of a miniature double ball joint unit, constructed from parts of discarded electric light switches.
Constant Temperature Paraffin Drip Feed. For gingival capillaroscopy by incident light the surface of the gingiva must be kept covered with a film of liquid paraffin. This was accomplished by arranging a continuous drip feed from a reservoir of liquid paraffin B.P., maintained at 37 C. by means of the apparatus described by Copley." Details of the drip feed are described below.
Immobilisation of the Animal and Exposure of the Gingiva for Observation
Hamster, Mouse, Hat and Guinea Pig. The animals were anesthetised by subcutaneous injections of pentobarbital sodium (Veterinary Xembutal Abbott, diluted with distilled water to 6 mg./ml.). Hamsters received 6 mg./lOO Gm. body weight; 4 mg./lOO Gm. body weight was sufficient for the other animals. Supplemental injections of 0.2 and 0.4 nil. were given at intervals as required to maintain anesthesia. For special studies of vasomotion we recommend freshly prepared solutions of pentobarbital alone, instead of the propylene glyeol containing veterinary preparation.
The following procedure, first designed for the hamster, was subsequently used for the mouse, rat, and guinea pig, in which it was also found that the labial gingiva in the mandibular incisor region was a suitable region for observations.
The anesthetised animal was placed on its side on the animal table against the backrest, being so orientated that, when its head was turned to face the microscope and illuminator, the image of the iris diaphragm in front of the light source could be focussed on the labial surface of the mandibular incisor teeth. After the head had been supported by a piece of cork, so that the long axis of the incisor teeth was parallel to the plane of the animal table, the mandible was immobilised by gripping the mandibular incisor teeth with forceps and then locking the forceps in position by means of a special clamp held rigidly in position (figs. 1 and 2). Following retraction of the lower lip with the device (D) shown in figures 1 and 2, the incident light was directed to the labial mandibular gingiva instead of to the teeth. Loose hairs and other debris having been removed from the gingival margins by gently swabbing with a piece of paper tissue moistened with liquid paraffin, the drip feed was started and the tissues viewed with the lowest power objective of the microscope. When the desired field had been selected and the drip feed adjusted to maintain an even film of paraffin over the tissues, one end of a roll of absorbent paper tissue was tucked into the labial sulcus to collect the paraffin, which otherwise would have run out of the corner of the mouth and soiled the fur (ingestion of paraffin from licking the fur appeared to be harmful to the hamsters). Even with a properly adjusted drip feed and collection of the effluence in the manner just described, it was desirable to examine the oral cavity at frequent intervals to ensure that the paraffin was being confined to the labial sulcus and was not entering the floor of the mouth through the diastema between the incisor and molar teeth.
Rabbit. The unanesthetised rabbit was immobilised in the opisthotonos position, as described by Copley and Chambers 11 for capillaroscopy of the nictitating membrane. The lower lip was retracted with finger and thumb, the rest of the hand being used to support the mandible. After a drop of liquid paraffin had been placed on the labial gingiva in the mandibular incisor region, giiiffival capilliiroscopy WHS carried out with a Zeiss-Opton steromicroscope and illuminator mounted on a special stand.
RESULTS
Hamster
In both species of hamster the labial gingiva in the mandibular incisor region was found to be the region most suitable for observation.
Golden Hamster. The superficial vascular supply to the labial gingiva in the mandibular incisor region consists of two morphologically similar systems on either side of the midline of the jaw, the extent of anastomoses between the two sides being variable. A general view of the superficial vascular bed, as seen under low power, is shown in figure 3 . The most ob-vious structures are venous trunks and their branches draining from the gingival margins toward the labial sulcus. More superficial arterial branches ( fig. 3, arrows) can be seen running out from the labial sulcus to supply the gingiva. There are also arterial branches that become superficial half way between the sulcus and the gingival margin near the midline. The distal part of the labial gingiva and the interdental gingival papilla are also supplied by fine vessels which appear either to run through the soft tissues from the lingual surface or to be branches of intraosseous vessels. The course and precise termination of the arterioles is difficult to follow except near the gingival margins, because elsewhere the complex underlying venous plexus obscures the field. However, by selecting areas free from large veins it is possible to trace out fine arterial branches to a capillary network at the gingival margin. Alternatively, attention may be directed to the region where the interdental papilla blends with the labial gingiva. Here, frequently one of the vessels coming from the lingual surface may be traced into a capillary network close to the gingival margin. Figure 4 shows schematically a typical arrangement of the vascular bed close to the gingival margin (G.M.). Because of the special arrangement of epithelium and connective tissue where the gingiva meets the tooth (T), a small area close to the gingival margin appears avascular. Two arterioles, A' and A" (6 to 8 IJL in diameter) are shown entering the area from the direction of the labial sulcus. toward which proceed the venules V and V" (12 to 16 IJL in diameter). The left terminal branch of A' has a similar course to the right terminal branch, which continues as a narrow (6 to 12 /x) main channel (a') running a straight course parallel to the gingival margin before looping back toward the labial sulcus and joining vessels draining a capillary network to form the venule V. Short capillaries (4 to 6 fi, in diameter) lead off from the main channel (»'), exit from which is apparently guarded by some regulatory mechanism, possibly a precapillary sphincter similar to that described by Chambers rat's mesoappendix. In the figure this is indicated b3 r a bar drawn across the vessel concerned. The short capillaries (c') may branch to form networks of varying complexity which drain into the venule V. An alternative arrangement is shown for the arteriole A". In effect, some distance from the gingival margin, a narrow main channel (a") gives off capillaries (c") running parallel with one another and with the gingival margin connecting the arteriole across to the venule V". This main channel then continues close to the gingival margin before turning sharply back toward the labial sulcus as the commencement of venule V", at which point it is joined by vessels belonging to an adjoining system supplied by another arteriole. The arteriovenous anastomosis {a'") connecting a" with a' and V should be noted. When patent, this channel ranges from 6 to 12 /i in diameter. The long capillaries (c") running parallel to the gingival margin may branch and form networks. These two arrangements of main channels ( fig. 4 ) giving off capillaries running directly away from or parallel to the gingival margin appear to be basic patterns. More complex capillary beds, not shown in the figure, can be observed, in which one given main channel gives off more than one capillary network, one overlying the other.
Chinese Hamster* The topography of the *We are indebted to Dr. G. Yerganian of the Children's Cancer Research Foundation, Boston, Mass., for the shipment and generous supply of Chinese hamsters. vascular bed is essentially similar to that of the golden hamster described above.
In both species of hamster, changes in caliber of arteries are often seen taking place spontaneously, but blood flow through the capillary bed is also controlled by the opening and closing of exits from main "thoroughfare" channels, which may involve some kind of sphincter (indicated in figure 4 by a bar drawn across the vessel). The individual erythrocytes are clearly visible when blood flow is not too rapid; but circulating leukocytes, and occasionally what we thought were embolizing platelet agglutinates, can be recognized as transparent bodies carried along with the stream of erythrocytes, which serve to define their outlines. Although the walls of the smallest vessels are invisible, a bounding layer, defining the lumen of the larger vessels, can often be made out. In such vessels, when blood flow is not too slow, an axial stream of cells can be distinguished from a peripheral plasma sleeve, and similarly, under certain experimental conditions, the adherence of leukocytes, as well as of thrombi, to the vessel wall becomes apparent. Occasionally, e.g. under rather deep anesthesia when blood flow was slowed over a period of some 45 minutes, we have also observed the settling of. red cells and red cell clumps to the lower sides of veins, together with gravitationally layered flow, 13 processes, apparently similar to those observed in the mesentery of frogs by Knisely and Warner. 14 
Mouse, Rat, Guinea Pig, and Rabbit
In the labial gingiva of the mandibular incisor region in all these animals an entire capillary bed is visible, the topography of which closely resembles that already described for the hamster. However, the older guinea pig; (over 500 Gin.) differed from the younger ones (under 350 Gin.) in that their capillaries next to the gingival margin consisted of a row of single loops, resembling those seen in the human gingiva and nail fold. Such loops were not found in any other of the animals examined. However, towards the labial sulcin the gingival vessels appeared no longer as loops but as a capillary bed with many branches. Since we did not make an extensive survey of a large series of guinea pigs of different ages, we cannot conclude that there are characteristic differences between the capillary beds in the marginal gingiva of young and old animals.
In the rabbit, in the labial gingiva of the inaiidibular incisor region, the terminal course of the small arteries supplying the capillary bed is easily seen, but because of the thickness of the gingival tissues it is difficult to trace these small arteries back to their origin as branches of a main trunk.
DISCUSSION'
The gingival preparation and the technics we have described have certain limitations. The gingiva is constantly exporsed to trauma; hairs ( fig. 3 ) arid food debris are often impacted in the gingival crevice, hence the possibility that some inflammatory reaction is present must always be taken into account. Moreover, since observations have to be made by incident light, magnification is necessarily limited (in our experience to 240 X ) in comparison with the approximately tenfold greater magnification that is attainable with the hamster's pouch viewed by transmitted light. Nevertheless, because a complete capillary bed can be observed in the gingiva, this preparation provides an additional site for studj'ing many features of the microcirculation. For example, we may refer to our observations in the golden hamster of the way in which blood flow through the capillary bed may be regulated by change in caliber of arterioles, by opening and closing of exits from main capillary channels into a capillary network, and by opening and closing of arteriovenous anastomoses. Although vasomotor activity has been observed by one of us in the human gingiva, 1 "' this is the first detailed description of the regulation of blood flow in the gingival microcirculation in laboratory animals.
Sl'MMARV Apparatus for gingival capillaroscopy in Syrian and Chinese hamsters, the mouse, iat, guinea pig, and rabbit are described. For the hamster, mouse, rat, and guinea pig a new technie, using the teeth for immobilisation, was employed. This was accomplished by means of a specially designed animal table mounted on the same stand as the optical equipment. A thermostatically controlled drip of paraffin oil was employed for better visualization.
In the labial gingiva of the inaiidibular incisor region-the one selected for observation -an entire capillary bed was usually visible in all animals. The topography of the vascular bed in the mouse, rat, guinea pig and rabbit was essentially similar to that of the hamster, which was studied in particular detail. Simple capillary loops, such as are found in the human gingiva and nail bed, were absent, except in the case of some guinea pigs, in which loops were confined to the gingival margin.
In the hamster, regulation of blood flow through the gingival capillary bed was achieved by several processes: (a) changes in caliber of arterioles, (b) opening and closing of exits from main capillary channels into capillary networks in which vasomotor activity appeared absent, (c) opening and closing of arteriovenous anastomoses.
In the hamster under deep sodium pentobarbital anesthesia, settling of blood cells and blood cell clumps to the lower sides of gingival veins, together with gravitationally layered flow, has been observed. SUM MARIO IX IXTERLIXGUA Es describite le apparatura pro eapillaroscopia gingival e hamsters Syrian e Chinese muses, rattos, porcos. de India, e conilios. In le caso del hamsters, muses, rattos, e porcos de India, un nove technica esseva utilisate: le immobilisation esseva effectuate per medio del dentes del animales. Isto requireva un speeialmente eonstruite tabula de supporto pro le animales. Le tabula esseva montate super le mesme base como le apparatos optie. Un guttator de oleo de paraffin eon regulator tliermostatic serviva a meliorar le visualisation.
Le region seligite pro le observation esseva illo del incisores niandibular in le gingiva labial. Usualmente un complete arbore capillar esseva visibile in omne le animales. Le topographia del vasculatvira in muses, rattos, porcos de India, e conilios esseva essentialmente simile a illo de hamsters. Isto esseva studiate in detalio particular. Simple ansas capillar, del typo trovate in le gingiva e le lecto ungular de humanos, esseva absente, excepte in le easo de certe porcos de India, sed in istos le ansas esseva restringite al margine gingival.
In le hamster, le regulation del fluxo de sanguine a transverso le vasculatura capillar esseva effectuate per plure processos: (a) Alteration del calibre arteriolar; (b) apertura e clausion del exitos ab major canales capillar a in retes capillar in le quales activitate vasoniotori pareva esser absente; e (c) apertura e clausion de anastomoses arterio-venose.
In le hamster in stato de anesthesia profunde per pentobarbital de natrium, le sedimentation de cellulas sanguinee e de aggregatos de cellulas sanguinee al latere inferior de venas gingival esseva observate insimul con un fluxo a stratification gravitational.
